Postoperative survival and cardiac function were studied in 45 patients who underwent combined mitral and aortic valve replacement by Bjork-Shiley prostheses between 1971 and 
, P < 0-05), left ventricular enddiastolic volume (159 to 103 ml/m*, P < 0-01), muscle mass (198 to 134ml/m 2 , P < &05) and ejection fraction improved (50 to 61%, P < 0-05). Postoperatively, mean pulmonary artery pressure increased with exercise (23 to 41 mm Hg, P < 0-001), and pulmonary artery pressure during exercise was linearly related to pulmonary arteriolar resistance at rest (r=0~72, P < &05). Patients with successful repair of mitral and aortic valve without a paravalvular leak achieved normal pulmonary arteriolar resistance, left ventricular end-diastolic volume, muscle mass and ejection fraction, but cardiac index remained slightly reduced as compared to a control group (2'8 v. 3 3 l/min m 2 , P < 0-05). This study shows (I) early and late mortality rates remained high after double valve replacement by Bjork-Shiley prostheses, but hospital mortality decreased in the time period analysed, and (2) late survivors revealed normalization of left ventricular dilation, hypertrophy and ejection fraction when the prosthesis functioned well.
Operative management of combined mitral and function before and following double valve replaceaortic valve disease by use of various types of ment. Thus, it is unknown which adaptive changes prostheses has been shown to improve clinical of the left ventricle occur after unloading by double symptomst 1 " 8 ], but the hemodynamic response of valve replacement. This study compares prethe left ventricle to operation has been rarely operative and postoperative angiographic findings studied. Mason et a/.l'l reported data of patients to answer the question whether left ventricular who showed an abnormal function of the left dilatation and dysfunction recover after double ventricle during exercise after operation. Nitter-valve replacement.
Hauge et a/.['°l studied patients after double valve replacement by Lillehei-Kaster prosthesis and found normalization of cardiac output and pulMethods monary arteriolar resistance. However, none of the previous studies reported data regarding left ven-PATIENTS tricular dilatation, hypertrophy and contractile
We studied 45 patients who underwent combined mitral and aortic valve replacement between Mayyears). Pre-operative symptoms included dyspnea in all patients and angina pectoris in 12%. No patient had a myocardial infarction. Four patients were in New York Heart Association functional class II (9%), 29 in class III (64%) and 12 in class IV (27%), pre-operatively. Left ventricular enlargement, as determined by a cardiothoracic ratio exceeding 05 on pre-operative chest X-ray, was present in 91% of patients. Electrocardiographic evidence of significant left ventricular hypertrophy (five or more points in the Romhilt-Estes score!"]) was present in 45% of patients; 69% of patients were in sinus rhythm, and 31% inatrial fibrillation.
Cardiac catheterization showed the following data: average pulmonary artery pressure 31 ± 11 mm Hg (n=42, range 16-60 mm Hg); average mean left atrial pressure 20 ± 6 mm Hg (n = 43, range 10-30 mm Hg); left ventricular enddiastolic pressure 14 ± 9 mm Hg (n=41, range 5-45 mm Hg); average cardiac index 2 -3 ± 0-6 1 /min m 2 (n = 39, range 1 -4-3-3 1 /min m 2 ), and left ventricular ejection fraction 57 ± 15% (n = 26, range 28-78%). Selective coronary arteriography was done in 29 patients by the Judkins technique. Patients with obstructive lesions of more than 50% diameter reduction of the vessel were not included in the study. Categorization of aortic valvular lesions showed a purely stenotic valve in six patients (peak to peak systolic gradient 69 ± 13 mm Hg); 16 patients revealed pure aortic insufficiency (angiographic degree of regurgitation 2-7 ± 08, when evaluating four degrees of regurgitationl 12 ]) and, 16 patients had a mixed aortic valve lesion (peak to peak transvalvular gradient 33 ± 15 mm Hg, angiographic of regurgitation 2-7 ± 0'9). The mitral valve showed a purely stenotic esion in eight patients (average mean diastolic gradient 70 ± 28 mm Hg); 11 patients had pure mitral insufficiency (angiographic degree of regurgitation 2-6 ± 05, when evaluating four degrees of mitral regurgitationl 12 )), and 26 patients had mixed mitral valve lesion (average mean diastolic gradient 88 ± 48 mm Hg, angiographic degree of regurgitation 2-5 ± 09).
Indications for mitral and aortic valve replacement included one or more of the following: congestive heart failure; angina pectoris, and severe dyspnea on exertion. Low ejection fraction was not a contra-indication to valve replacement. No operation was performed on an emergency basis.
FOLLOW-UP
The follow-up status of patients was determined in September 1978, either during a clinical visit or by means of a questionnaire sent to the patient. For patients who were alive at the time of the survey, the survival duration was calculated from the day of cardiac surgery. For patients who were dead at the time of survey, the primary physician or the family was contacted to identify probable cause of death. The minimum interval between surgery and the first day of the survey was 11 months. Survival rate estimates and standard errors were computed using the life table method and formulae described by Cutler and Ederert 13 ).
CATHETERIZATION STUDIES
All patients in the study underwent right and left heart catheterization within three months before operation. Angiographic studies of the left ventricle were performed in 26 patients ( latter patients were restudied 28 ± 14 months after operation (12 to 60) months. Patients were requested to undergo repeat catheterization. Patients who gave informed consent underwent restudy. Control data were obtained from 10 normal subjects investigated for chest pain who had normal coronary arteries on angiography and no evidence of valvular or myocardial heart disease. No premedication was given before catheterization. All patients received digoxin before and after the operation. Right heart catheterization was performed using a 7 F Cournand catheter. Catheters (85 F Brockenbrough) were positioned transseptally in the left ventricle via femoral vein puncture and retrogradely in the ascending aorta via femoral artery puncture (7 F pigtail). Pressures were recorded on an Oscillomink direct-writing system with P23Db Statham transducers before injection of contrast material. The cardiac index was determined by the Flick method. Pre-and postoperative studies were performed with the same equipment and catheter manometer systems. These systems have uniform amplitude response to 15-20 Hz, with resonant frequencies of more than 50 Hz. Left ventricular end-diastolic pressure was measured after the 'a' wave. Single-plane, 35 mm cineangiograms of the left ventricle were filmed at 48 frames/s in the 30' right anterior oblique projection after 50 ml of Urografin-76 was injected. We performed aortic root angiography in all patients to estimate the degree of aortic regurgitation! 12 !. Then, selective coronary arteriography was carried out by the Judkins technique. Postoperative catheterization study was done by right heart catheterization using the 7 F Cournaud catheter. Single-plane cine-angiogram of the left ventricle was performed after 60-80 ml Urografin-76 was injected into the main pulmonary artery (8 F pigtail catheter) using a flow rate of 20 ml/s. Only normally conducted sinus beats were evaluated. Left ventricular ejection fraction determined by pulmonary artery injection was comparable to ejection fraction determined by direct left ventricular injection (r = 093, n= 12). This comparison was done in a separate study of 12 patients with various cardiac disorders but without mitral and aortic prostheses. Thirty minutes after the cineangiogram patients exercized in the supine position 50 W for 5 min with the Cournand catheter in the main pulmonary artery. Mean pulmonary artery pressure was measured immediately after termination of exercize.
Left ventricular volumes and ejection fractions were determined with the area-length method! 
STATISTICS
Statistical evaluation was done using the t-test for paired and unpaired observations. Linear regression analysis was carried out when necessary. Significance was accepted at the 5% probability level. Mean values ± S.D. are given in the tables and in the results section.
Results

POSTOPERATIVE SURVIVAL
The hospital mortality rate was 18% for the entire series. Hospital mortality for double valve replacement surgery decreased from 22% in 1971 (two of nine patients) to 8% in 1976 and 1977 (one of 13 patients). Myocardial failure caused a low output syndrome in the majority of early deaths (Table 1) . No significant difference of parameters (functional class, cardiothoracic ratio, mean pulmonary artery pressure and cardiac index) was found between operative deaths and survivors. At follow-up evaluations, 16% of patients who had survived the first 30 postoperative days died later (Table 1) . Although functional class, cardiothoracic ratio, mean pulmonary artery pressure and cardiac index were poorer in late sudden deaths as compared to late survivors, differences were not significant (P > 0'05). Figure 2 shows the survival curve of the 45 patients and a five year survival rate of 58%. One valvular thrombosis of the mitral prosthesis was observed but no systemic embolic episode during follow-up. Anticoagulant therapy was employed in all patients.
CHANGES AFTER REPLACEMENT
Clinical data and hemodynamic measurements could be compared in 16 patients before and following operation ( Fig. 1 and Table 2 ). Preoperative baseline characteristics (types of mitral and aortic valve lesion functional class, cardiothoracic ratio, mean pulmonary artery pressure and cardiac index) were not significantly different between recatheterized and non-recatheterized patients. The following major findings were noted: (1) functional class improved significantly but cardiothoracic ratio and Romhilt-Estes scores remained unchanged (Fig. 3) ; (2) pulmonary arteriolar resistance decreased (Fig. 4) ; (3) left ventricular end-diastolic volume decreased, while left ventricular ejection fraction increased (Fig. 4) ; (4) postoperatively, mean pulmonary artery pressure during exercise was measured in 12 patients (Fig. 1) and increased from 23 ± 6 to 41 ± 12 mm Hg (P < 0001). A significant linear correlation between pulmonary arteriolar resistance determined at rest and mean pulmonary Fig. 1) . The four remaining patients were considered to be unsuccessful: two patients showed severe tricuspid insufficiency postoperatively (right atrial v wave, 17 and 18 Hg); one of these patients had an additional significant paravalvular aortic regurgitation (documented by aortic root angiography). The third patient had severe paravalvular mitral regurgitation (documented by a v wave of 40 mm Hg in the pulmonary wedge pressure curve). The fourth patient revealed persistent left ventricular dysfunction postoperatively without evidence of prosthesis dysfunction (irreversible myocardial failure). Pre-operative baseline characteristics (types of mitral and aortic valve lesions, functional class, cardiothoracic ratio, mean pulmonary artery pressure and cardiac index) were not significantly different between patients with successful and unseccessful repair (/> > 005).
Patients with successful repair revealed better left ventricular function than patients with unsuccessful repair (Table 3) .
LEFT VENTRICULAR DILATATION, HYPERTROPHY AND FUNCTION AFTER SUCCESSFUL REPAIR
Patients with successful repair showed normalization of left ventricular dilatation and function but some hypertrophy of the left ventricle persisted (Table 3) . In contrast, hemodynamic data of patients with unsuccessful repair revealed significant abnormalities after operation.
Discussion
Operative repair of mitral and aortic valves produced significant improvement of pulmonary arteriolar resistance, left ventricular dilatation, hypertrophy and ejection fraction. These changes explain the alleviation of symptoms in late survivors.
The operative mortality was 18% for this series. Others have reported mortality rates after combined mitral and aortic valve replacement ranging between 3-4 and 52-5% ['-8 ). Clinical and hemodynamic data were not significantly different between operative survivors and operative deaths. There were three late sudden deaths and two late deaths due to endocarditis accounting for a further fall of the survival curve between one and three years postoperatively. Three years after operation the survival curve stabilized because no further death occurred. Similar observations were reported 
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Figure 4 Postoperative evaluation revealed marked improvement of symptoms in most patients. This was mainly due to a fall of pulmonary arteriolar resistance and an augmentation of cardiac index. Thus, following double valve replacement pulmonary venous congestion improved significantly. Exercise, however,-induced an abnormal augmentation of pulmonary artery pressure after operation. The level of pulmonary artery pressure during exercise was determined by the pulmonary arteriolar resistance but not by the ejection fraction.
This finding suggests that the left ventricular inflow resistance (mitral prosthesis) may be a major cause for the abnormal augmentation of pulmonary artery pressure with exercise. Mason et a/.t'l described an abnormal response of mean left atrial pressure and left ventricular end-diastolic pressure after double valve replacement by Starr-Edwards prostheses in seven patients and attributed this response to left ventricular myocardial dysfunction secondary to myocardial disease or associated coronary artery disease. We did not study patients with significant coronary artery disease so that the latter possibility is excluded in the present series. Since we did not measure left ventricular ejection fraction and pressure gradients across the aortic prosthesis during exercise we cannot assess to what extent stress-induced left ventricular dysfunction contributed to the elevation of pulmonary artery pressure. In a previous study a moderate depression of the mean normalized ejection systolic ejection rate and an elevation of left ventricular enddiastolic pressure was found in patients after aortic valve replacement by Bjork-Shiley prosthesis during pharmacological stress! 20 !. This stressinduced abnormality of left ventricular function was associated with a moderate outflow tract obstruction at the prosthesis but with normal resting left ventricular function. Abnormality of left ventricular function during stress may, therefore, be interpreted as a consequence of afterload mismatch! 21 ! in the patients with aortic prosthesis. A similar mechanism may also partly account for abnormal exercise response in patients with double valve prostheses.
Left ventricular angiographic data after double valve replacement revealed significant reduction of left ventricular dilatation and hypertrophy. The reduction of left ventricular dilatation was associated with improvement of ejection fraction. Only one of the patients restudied did not respond with a reduction of end-diastolic volume and augmentation of ejection fraction after operation. This patient had normal coronary arteries and severe mitral and aortic regurgitation preoperatively. Irreversible myocardial failure must be considered to be responsible for lack of improvement of left ventricular dysfunction in this patient. Kennedy el a/.I"! described several patients who showed deterioration of ejection fraction after correction of left ventricular volume overload due to mitral regurgitation. This finding is in contrast to the improvement of ejection fraction after surgical correction of left ventricular volume overload due to aortic insufficiencyt 23 -24 ). Thus, in advanced volume overload due to mitral and aortic regurgitation, failure of improvement of left ventricular function and dilatation may occur despite successful valve replacement. Two other patients of the group with unsuccessful results revealed tricuspid insufficiency after operation. One patient had developed tricuspid insufficiency after thrombosis of the mitral prosthesis with an increase of mean pulmonary artery pressure from 19 to 38 mm Hg. The other patient developed tricuspid insufficiency after operation despite a fall of mean pulmonary artery pressure from 26 to 22 mm Hg, probably as a result of recurrent rheumatic endocarditis. The fourth patient in the group with an unsuccessful result had severe paravalvular aortic regurgitation. All patients within this group had mixed mitral valve disease plus aortic regurgitation before operation.
Patients of this series with successful repair showed a better clinical hemodynamic result than patients with unsuccessful repair. Since even patients with a successful repair showed abnormal responses in the pulmonary artery pressure on exercise, it is desirable to study all patients without improvement of symptoms or with recurrence of symptoms after double valve replacement. This study documents the value of careful postoperative hemodynamic evaluation of patients with double valve prostheses.
